Background. The aim was to test the effectiveness of early home-based group education on knowledge and communication about renal replacement therapy (RRT). Methods. We conducted a randomized controlled trial using a cross-over design among 80 end-stage renal disease (ESRD) patients. Between T0 and T1 (weeks 1-4) Group 1 received the intervention and Group 2 received standard care. Between T1 and T2 (weeks 5-8) Group 1 received standard care and Group 2 received the intervention. The intervention was a group education session on RRT options held in the patient's home given by social workers. Patients invited members from their social network to attend. Self-report questionnaires were used at T0, T1 and T2 to measure patients' knowledge and communication, and concepts from the Theory of Planned Behaviour such as attitude. Comparable questionnaires were completed pre-post intervention by 229 attendees. Primary RRT was registered up to 2 years post-intervention. Multilevel linear modelling was used to analyse patient data and paired t-tests for attendee data. Results. Statistically significant increases in the primary targets knowledge and communication were found among patients and attendees after receiving the intervention. The intervention also had a significant effect in increasing positive attitude toward living donation and haemodialysis. Of the 80 participants, 49 underwent RRT during follow-up. Of these, 34 underwent a living donor kidney transplant, of which 22 were pre-emptive.
A B S T R AC T
Background. The aim was to test the effectiveness of early home-based group education on knowledge and communication about renal replacement therapy (RRT). Methods. We conducted a randomized controlled trial using a cross-over design among 80 end-stage renal disease (ESRD) patients. Between T0 and T1 (weeks 1-4) Group 1 received the intervention and Group 2 received standard care. Between T1 and T2 (weeks 5-8) Group 1 received standard care and Group 2 received the intervention. The intervention was a group education session on RRT options held in the patient's home given by social workers. Patients invited members from their social network to attend. Self-report questionnaires were used at T0, T1 and T2 to measure patients' knowledge and communication, and concepts from the Theory of Planned Behaviour such as attitude. Comparable questionnaires were completed pre-post intervention by 229 attendees. Primary RRT was registered up to 2 years post-intervention. Multilevel linear modelling was used to analyse patient data and paired t-tests for attendee data. Results. Statistically significant increases in the primary targets knowledge and communication were found among patients and attendees after receiving the intervention. The intervention also had a significant effect in increasing positive attitude toward living donation and haemodialysis. Of the 80 participants, 49 underwent RRT during follow-up. Of these, 34 underwent a living donor kidney transplant, of which 22 were pre-emptive.
Conclusions. Early home-based group education supports informed decision-making regarding primary RRT for ESRD patients and their social networks and may remove barriers to pre-emptive transplantation.
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I N T R O D U C T I O N
Pre-emptive kidney transplantation (PKT; transplantation without prior dialysis) as the first form of renal replacement therapy (RRT) offers significant patient and graft survival advantages compared with transplantation after a period of dialysis [1] [2] [3] [4] . PKT is also associated with greater quality of life and lower health-care costs [5, 6] . In the EuroTransplant region, waiting time for a deceased donor kidney commences on the first day of dialysis, therefore PKT can generally only be realized with a kidney from a living donor. In the Netherlands over half of patients who receive a kidney from a living donor, first undergo a period of dialysis [7] .
One of the principle barriers to transplantation as the primary form of RRT is a lack of patient education on PKT [8] . Greater knowledge on PKT is significantly related to an increased likelihood of pre-dialysis referral for transplantation [8] . Evidence suggests, however, that there are often gaps in knowledge about RRT options among patients and potential living donors [9] . Moreover, patients find it difficult to broach the topic of living donation with their loved ones [10, 11] . Barriers to communication about living donation include concerns about donors health, feelings of guilt, ambivalence, lack of confidence and potential for family conflict [12] . The need for studies evaluating the effectiveness of educational strategies to optimize informed decision-making about living donor kidney transplantation has recently been highlighted by various authors [12, 13] .
Educating, screening and preparing patients and potential living donors for optimally timed transplantation is a complex process [14] . If patients choose to pursue living donation, they need time to find a donor and for donor screening. Their social network must also be aware of the treatment options and respective implications in order to make an informed decision about living donation. If patients are not educated about PKT in a timely fashion it may be too late and the patient will inevitably have to undergo dialysis while undergoing preparations for living donor transplantation. In some cases consideration of live donor transplantation may occur months or years after commencement of dialysis. Such patients cannot benefit from the advantages of pre-emptive transplantation.
Early education on RRT options is likely to increase awareness and promote informed decision-making; early education may also facilitate PKT [1, 15, 16] . One way of addressing information and support needs in the pre-RRT phase is through home-based group education [17, 18] . This method has proven effective in increasing knowledge and communication in the USA [17, 19] and in the Netherlands [20] among patients already on dialysis. Knowledge and communication in turn have been identified as important determinants of finding a living donor [21] . Group counselling by social workers has proven to be effective in increasing communication and live donor evaluations among pre-RRT patients in the USA [22] . It is important to highlight the differences in information and support needs between patients in the pre-RRT phase (so-called 'predialysis patients') and patients already on dialysis. In the pre-RRT phase, patients are likely to be coming to terms with their illness, many are yet to inform their loved ones about their illness and/or treatment options and these patients have yet to make a decision regarding primary RRT. Patients on dialysis generally have a longer disease history, are thus more 'experienced' patients who are already informed at least about the form of dialysis they are undergoing. Consequently, education offered in these different stages must be adapted according to these considerations.
This study investigated the effectiveness of an educational programme to increase the primary outcomes of knowledge and communication among patients who are yet to undergo primary RRT. Secondary outcomes included other psychological concepts adapted from the Theory of Planned Behaviour [23] , such as attitude, and RRT outcomes up to 2 years post-intervention. This is the first European application of a social-worker-lead, home-based, group education programme on RRT options among patients yet to commence primary RRT and members of their social network. This programme has a number of distinguishing features: early ( prior to initiation of RRT); uniform (standardized using a protocol); complete (addressing all RRT options including living donation); and out-reaching (home-based and in groups). We hypothesized that exposure to the intervention would be associated with an increase in knowledge and communication about RRT options.
M AT E R I A L S A N D M E T H O D S

Design
We conducted a cross-over design randomized controlled trial with an allocation ratio of 1 : 1 to each group. The crossover design was chosen so that all patients would receive the education.
Participants
Patients. Patients were recruited from the pre-dialysis clinics at four hospitals in the Rotterdam region of the Netherlands between February 2011 and February 2013. The dialysis units of three participating hospitals feed into the fourth academic hospital for transplantation. Inclusion criteria were: >18 years of age; primary RRT required within the coming 12 months; MDRD <25 mL/min; and sufficient command of the Dutch language. Patients were excluded if they had previously undergone RRT, were not eligible for transplantation or chose not to pursue RRT.
Attendees. In addition to patients, members of the social network in attendance at the group educational session were also asked to participate. Attendees were individuals involved in the patient's life whom the patient wanted to inform about their illness and treatment options. These individuals were required to be >18 years of age and have sufficient command of the Dutch language. There was no restriction placed on type of relationship with the patient.
Procedure
Ethical approval was obtained from the Medical Ethical Committee at the Erasmus Medical Center (MEC-2010-290) and procedures were in accordance with the Declaration of Helsinki (2000). The study was registered in the Dutch Trial Registry (NTR2733; protocol available from E.K.M.). Educators implementing the intervention were social workers (and one dialysis nurse) specialized in nephrology. Educators contributed to the development of the intervention protocol. This professional group is trained in patient education and group dynamics, and their position ensures continued implementation of the programme after the study. The treating nephrologist assessed kidney function and disease progression for inclusion. Patients who were eligible were referred to an educator for an individual consultation at the patient's home. The educator obtained written consent and took inventory of the patient's social network in order to support the process of inviting friends and family for the group educational session. The patient determined who they wanted to invite. The patient also completed the baseline questionnaire. Written invitational leaflets were provided for potential attendees [24] , together with a self-report questionnaire, informed consent form and return envelope. Subsequently, patients were randomly assigned by the main researcher (E.K.M.) to Group 1 or Group 2 using a computer generated, stratified ( per centre), restricted (1 : 1) randomization. At the end of the individual consultation, the group session was planned according to group assignment. Participants were assigned to either the immediate intervention group (Group 1) or a control (Group 2). Group 1 received the intervention within 4 weeks of the baseline measurement (T0) while Group 2 received standard care. T1 was administered after 4 weeks. Subsequently, Group 2 received the intervention while Group 1 received standard care. Finally, T2 was administered 4 weeks after T1. We hypothesized that a change in psychological outcomes would be observed between T0 and T1 for Group 1 and between T1 and T2 for Group 2. Educators were not blind to condition as subsequent intervention planning was determined by group assignment.
A protocol, checklist and evaluation forms were used to ensure consistency across educators and sessions. Topics discussed during the session were: the function of the kidney, types and causes of kidney disease, potential physical, psychological and material consequences of kidney disease, explanation and the advantages and disadvantages of each treatment modality (haemodialysis, peritoneal dialysis, living donor and deceased donor transplantation) and in-depth consideration of living donation (eligibility, risks, ethics, results, testing and costs). Information was presented in an non-persuasive and neutral manner [24] and focused on psychosocial aspects, such as impact on quality of life, relationships and work. Survival rates were also discussed. Leaflets on each RRT option were distributed at the end of the session along with business cards so that patient and attendees were able to contact the educator after the session if needed. The intervention was given in addition to standard 'pre-dialysis' care, which consisted of the consultations with the nephrologist, dialysis and/or transplant nurses, social workers and dieticians, plus optional group information meetings held at each hospital. In this process social workers conduct a psychosocial intake (in the hospital or at home) to assess: personal and medical history; physical and psychological condition; work, living and financial situation; adaptation to the illness and coping with consequences; and offers from potential donors. Patients and attendees received the questionnaire at the end of the group session with a return envelope to complete within the following week. Primary RRT was monitored via medical records up to 2 years after they received the intervention.
Measures
Knowledge and communication were the primary outcome targets. Additional concepts measured were based on the Theory of Planned Behaviour [23] , which stipulates that attitude, subjective norm and perceived behavioural control predict intentions, which in turn predict behaviour, specified here as communication about RRT. This theory has been extended to include moral norm and anticipated negative affect [25] [26] [27] . Scales were calculated if a minimum of 70% had been completed.
Knowledge: To measure knowledge about RRT we used the Rotterdam Renal Replacement Knowledge Test (R3K-T) [28] . This is a 21-item self-report questionnaire on knowledge of dialysis, transplantation and living donation. Scores range from 0 to 21; a higher score indicates higher knowledge. The test has been shown to be reliable and valid [28] . Mean scores for dialysis and transplant patients have been shown to be 13.35 and 15.14, respectively [28] . Crossing the cut-off score of 14.22 indicates a shift to a better-informed group.
Communication: Frequency of communication on each RRT option in the past 4 weeks was measured on a 5-point scale ranging from 1 (never) to 5 (very often). Mean scores were calculated across RRT options whereby higher scores indicate more frequent communication.
Communication intention: The extent to which the participant intended to communicate about each RRT option with loved ones/the patient was measured on a 5-point scale ranging from 1 (definitely will not) to 5 (definitely will) [25] . Mean scores were calculated across all RRT options whereby higher scores indicate greater intention to communicate.
Subjective and moral norm: Subjective norm to discuss each RRT option was measured using two items per RRT, e.g. 'people who are close to me think it's important to discuss haemodialysis with me' [29] . Moral norm was measured using two items per RRT option, e.g. 'I feel a personal responsibility to discuss …. with my family and friends' [29] . All 10 items were rated on a 5-point scale ranging from 1 (completely disagree) to 5 (completely agree). Factor analysis on baseline data (not shown) demonstrated a one-factor solution for both subjective and moral norm, therefore a mean score of all 10 items was calculated; a higher score indicated greater subjective and moral norm.
Perceived behaviour control (PBC): PBC to discuss RRT options was measured using the following two items per RRT: 'I am confident that I will be able to discuss …. with my family and friends'; and 'I am able to discuss …. with others' [29] . These eight items were rated on a 5-point scale ranging from 1 (completely disagree) to 5 (completely agree) and mean score was calculated; a higher score indicated higher PBC.
Eligibility for living donation: Attendees at the group education were asked if they had previously been evaluated for living donation or if there was a known medical reason why they would not be able to donate (yes/no). If they answered yes, the reason was elicited.
Attitude: Attitude towards (i) discussing RRT options with family and friends (patients and attendees); (ii) peritoneal dialysis; (iii) haemodialysis; (iv) deceased donor transplant; (v) living donor transplant (patients only); and (vi) living donation (eligible attendees only) was measured. Six semantic differential pairs were used to measure the cognitive and affective components of attitude, respectively: bad-good, foolish-wise, riskysafe, unpleasant-pleasant, frightening-not frightening and stressful-relaxed [29, 30] . These were measured on a 7-point scale. Mean scores were calculated separately for each RRT and communication; a higher score indicated a more positive attitude.
Anticipated affect: Adapted from the concept of anticipated regret [31] , anticipated affect for not having discussed RRT options was measured in the same way as attitude using five semantic differential pairs: disappointed-not disappointed, dissatisfied-satisfied, regretful-not regretful, irritated-not irritated and guilty-not guilty. A mean score was calculated. Lower scores indicated negative anticipated affect and higher scores indicated a more positive anticipated affect if RRT options were not discussed.
Socio-demographic characteristics: Age, gender, employment (in paid employment/unemployed), education ( primary/
RRT outcome: The date and type of primary RRT was collected from medical records up to 2 years post-intervention per participant. Subsequent changes in RRT within 24 months post-intervention were also registered.
Statistical analyses
Analyses were performed according to the intention to treat principle. Chi-square, independent t-tests and one-way ANOVAs were conducted to assess group differences at baseline. In order to take into consideration the dependent nature of nested observations (time nested within patients), multilevel modelling was conducted. Covariance structure was determined using the deviance test [32] . Normal distribution of residuals was tested by dividing skewedness and kurtosis by their respective standard errors [33] . Analyses were conducted using IBM-SPSS Statistics version 21 (SPSS Inc., Chicago). Effect sizes were calculated by dividing the difference in estimates between time points by the estimated standard deviation. Effect sizes were interpreted according to Cohen's classification [34] : small d = 0.2; medium d = 0.5; and large d = 0.8.
R E S U LT S
Patient and attendee characteristics During the study period 201 patients satisfied the inclusion criteria; 80 (40%) patients agreed to participate (see Figure 1) . The most common reasons for refusal were: presence of a living donor (15%); limited or no social network (15%); already fully informed (11%); not wanting to burden others (10%); and not wanting to participate in research (10%). In a small number of cases the patient was too ill, underwent acute dialysis before education could be realized, deemed the education too demanding or did not want a living donor kidney, or there was family refusal. Of the 80 participants, 40 were randomized to Group 1 and 40 patients were randomized to Group 2. One patient dropped out of Group 1 and four dropped out of Group 2, all prior to the intervention. There were no statistically significant differences in socio-demographic characteristics or baseline psychological outcomes between patients in Groups 1 and 2 (Table 1) . MDRD at inclusion was also comparable between Groups 1 (mean = 18.00; SD = 5.48) and 2 (mean = 17.90; SD = 4.62).
There were 1-23 attendees per patient (median 5). Of the 436 attendees, 310 (71%) completed the pre-intervention measures (median = 3; range 1-16 per patient); of these 229 completed the post-intervention measures (74%). Relationships with the patient were: child (29%), sibling (18%), family in-law (16%), partner (15%), friend (7%), parent (6%), aunt/ uncle/cousin (2%), neighbour/colleague/acquaintance (3%), other (5%). Forty-six attendees (15%) reported medical non-eligibility for living donation.
Psychological outcomes
Patients. For subjective norm, inspection of the residuals revealed non-normal distribution, which was caused by outliers (z-scores >±3) at four time points for four participants. These time points were excluded for this analysis; all other time points from these participants were retained. Table 2 presents within and between group changes in estimates over time and effect sizes for the significant models only. For multilevel models of all outcomes see Supplementary data, Appendix S1). Figure 2 graphically demonstrates these relationships: knowledge and communication increased significantly between T0 and T1 in Group 1, and there was no change between T1 and T2. In Group 2 there was no change between T0 and T1, and a significant increase between T1 and T2. Attitude towards living donation showed a trend increase between T0 and T1 in Group 1 and a significant increase between T1 and T2 for Group 2. Attitude toward haemodialysis increased significantly between T0 and T1 for Group 1 and increased at trend level between T1 and T2 in Group 2. No significant changes in anticipated affect (expected emotions if RRT are not discussed) were observed in Group 1, while affect became significantly more positive between T0 and T1 for Group 2. Finally, a significant increase in subjective norm was observed for Group 1 between T0 and T1 then a trend decrease between T1 and T2. No significant changes were observed in Group 2.
Attendees. There was a significant increase in average knowledge among attendees from 11. Table 3 shows the primary RRT of participants and the RRT at the end of the 2 year follow-up. Thirty-one (39%) participants did not commence RRT within the follow-up period. Two participants died during the follow-up, one prior to commencing RRT and one undergoing haemodialysis. Of the 49 participants who commenced RRT, 34 underwent a living donor transplant: 22 pre-emptively and 12 after a short period of dialysis.
RRT outcomes
D I S C U S S I O N
This study demonstrates that early, home-based, group education is effective in increasing knowledge and communication and changing attitude among patients who are yet to begin RRT. This approach was shown to be effective among patients in the 'pre-RRT' phase, which adds to previous studies that showed effectiveness among patients who were already undergoing dialysis [20] . Knowledge level prior to the intervention was on average comparable to patients on dialysis, after the intervention knowledge was comparable to that of transplant recipients [28] , signifying a shift to a better-informed group. Being sufficiently informed on all RRT options is a necessary condition for making a well-informed decision on primary RRT. Attitudes also became more positive, which emphasizes the importance of addressing psychological factors rather than solely providing information, which is generally not sufficient for health behaviour change. Participants in Group 2 reported a decrease in anticipated negative emotions if they would not discuss RRT options with members of their social network while Means presented are calculated using all available baseline data from attendees and can therefore differ from means used in paired t-tests, which include only individuals with data at both time points.
waiting for the intervention. This finding emphasizes the need for immediate action when the patient indicates readiness for education on RRT options. The role of other psychosocial factors such as self-efficacy, coping strategies, concerns and expectancies in RRT decision-making requires further investigation. After the intervention, members of the patient's social network were also better informed and more likely to have discussed treatment options with the patient, which allows shared decision-making. These findings emphasize the importance of educating not only patients but also their social networks. This is particularly crucial to facilitating PKT as this (in most settings) will depend on finding a living donor.
We speculate that the out-reaching nature of the intervention is one of the key ingredients for success. First, the home-based setting facilitates reaching a much larger audience, thus raising awareness about treatment options and promoting patient advocacy. Second, in this setting educators gain greater insights into the family dynamics and can tailor the information and support according to the specific needs of the group. Finally, the home-setting may be more conducive to education on RRT than the sometimes emotionally laden medical setting.
In the 2 years post-intervention, 69% of participants who started RRT underwent a living donor kidney transplant, 65% of which pre-emptively. In the Erasmus Medical Center during the study period (February 2011-February 2015) 39% of patients who received a primary living donor transplant did so pre-emptively. The higher rate of PKT among study participant may be an artefact of the level of readiness or motivation among these patients to receive information on RRT. We conclude therefore that for those who are open and ready, early education may remove barriers for ( pre-emptive) living donation. These findings are in line with those among patients already on dialysis that demonstrated a 4-fold increase in living donor transplants in the group that received home-based education compared with controls [20] . Future studies should address the generalizability of these findings by testing the effectiveness of this approach in other settings and the impact on clinical outcomes between those who do and do not receive the education. Considerations for future implementation include a quality assurance system to ensure that the protocol is implemented as stipulated, thus ensuring that it remains evidence-based. Facilitators to implementation include flexibility of educators in conducting sessions in the evenings and weekends and making this approach standard policy, which is likely to lead to an earlier investment of time rather than an increase in workload for social workers. Challenges include large geographic coverage served by a hospital (in the Netherlands the distances are relatively limited). Although cost-effectiveness is yet to be analysed, this educational programme is likely to be cost-effective given the health-care costs spared when dialysis can be avoided.
This study has a number of strengths including the multicentre cross-over design, inclusion of the social network and use of a theoretical framework; however, there are also a number of caveats. There was a high non-response rate among the target population and it is unclear whether our findings can be generalized to non-responders. Some of these patients were already well informed or had a living donor. In contrast, some did not want to burden others or thought they had an insufficient network for group education. Among these groups additional efforts are required to remove barriers to group education. Obviously, this must be balanced against respect for patient's autonomy and the right not to be informed [24] . The timing of educational efforts in the pre-RRT phase requires careful consideration, balancing psychological readiness and relevance of the information on the one hand and the rate of disease progression on the other. We note that a considerable group did not commenced RRT in the 2 year follow-up highlighting the difficulties in estimating deterioration in kidney functioning. Education in this early phase may be confronting and guidance to assist with illness acceptance may first be needed before such a group educational strategy can be implemented. If education occurs too late, it is likely that the patient and their social network will not have time to consider or prepare for transplantation as primary RRT. In practice, referral to nephrology or transplant services are more commonly too late than too early [11] . Finally, educators should also be aware that group education takes on different dimension when the patient's kidney disease is hereditary as attendees may potentially be(come) patients themselves.
In conclusion, early, home-based, group education supports informed decision-making on primary RRT and may help remove barriers for ( pre-emptive) living donor transplantation among those who are ready to be informed.
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